Introduction
Artificial habitats have increased in number rapidly due to human activities, dramatically affecting natural habitats. For example, they can cause habitat and species loss (Külköylüoğlu, 2003) . Troughs are one example of artificial structures that alter natural water bodies to artificial forms. They are built by converting springs or groundwater (Külköylüoğlu et al., in press ). Troughs are used to store water for animals and drinking water for villagers, and for irrigation. Modification of a water body by using an artificial structure is a common method for increasing biodiversity in fresh or marine waters (Bulleri and Chapman, 2004; Burt et al., 2009) . Artificial reefs, for example, are made from truck tires or concrete blocks (Lim et al., 1976) , and from sticks, poles, and bundles of brushes (Polovina, 1991) to increase fish diversity. Artificial beds constructed from plastic lead to increases in the growth of macro-algae (Godoy and Coutinho, 2002) . Considering troughs, there is a single study, by Külköylüoğlu et al. (in press) , who investigated the distribution and ecology of Ostracoda from trough waters. However, there is no study about the effect of troughs on zooplankton biodiversity. If troughs support diversity for animals and plants, they could be called "artificially natural habitats" (Külköylüoğlu, pers. comm.) .
Zooplanktons are small microscopic organisms that can inhabit a variety of aquatic habitats. They have an important position in aquatic food chains as energy transmission from primary producers to the top trophic levels, i.e. predatory fishes and marine mammals (Sommer and Stibor, 2002) . Zooplanktons are affected by environmental conditions and can rapidly respond to environmental changes (Dodson and Frey, 2001; Williamson and Reid, 2001; Dodson et al., 2005) .The 3 main groups of zooplanktons are Rotifera, Cladocera, and Copepoda. In this study, we worked with 2 groups (Copepoda and Cladocera).
As far as we know, there has been no extensive geographical study on the zooplankton composition of the troughs, as much of the knowledge about zooplanktons is confined to specific locations or habitats. Thus, this is actually the first extensive study on zooplanktons Abstract: Troughs are one of the main components of villages in Turkey. They are constructed by converting springs or underground waters. Until now, there has been no extensive study investigating the composition and diversity of trough zooplankton species. In order to contribute knowledge on the zooplanktons in troughs, 142 troughs were randomly sampled from 17 districts in Ankara Province between 22 June and 3 July 2011. A total of 18 zooplanktons including 11 Copepoda and 7 Cladocera species were determined. Twelve of the 18 (Paracyclops chiltoni, Paracylops fimbriatus, Paracyclops imminutus, Tropocyclops prasinus, Diacyclops bisetosus, Acanthocyclops vernalis, Canthocamptus staphylinus, Attheyella crassa, Bryocamptus minutus, Macrothrix hirsuticornis, Oxyurella tenuicaudis, Moina macrocopa) are new records for Ankara. Paracyclops imminutus was reported for the third time in Turkey in the last 50 years. UPGMA illustrated 4 main clustering groups of species corresponding to some of their ecological characteristics. Poisson distribution analysis showed almost random distribution of species among the troughs (s inhabiting troughs. The aims of this study are: 1) to determine the zooplankton fauna of troughs in the Ankara region, 2) to contribute knowledge on zooplankton ecology and diversity, and 3) to emphasize the similarity between troughs and their species composition.
Materials and methods
Ankara Province is situated in the Central Anatolia region (39°55′15.0054″N and 32°51′14.8062″E, 938 m a.s.l.); it is of about 25,207 km 2 surface area. A total of 142 troughs (Table 1) were randomly sampled between 22 June and 3 July 2011 from 17 districts in Ankara Province (Figure 1 ). Selection of troughs was based on the ratio of the surface area of each district, so that the bigger the area, the higher the numbers of stations and troughs (e.g., for an area with a size of 0-1000 km Depth (D, m), width (W, m), and length (L, m) were measured by a standard meter. Water temperature (Tw, °C), electrical conductivity (EC, µS/cm), salinity (Sal, ppt), pH, specific electrical conductivity (SPEC, µS/ cm), dissolved oxygen (DO, mg/L), percent oxygen saturation (%DO), total dissolved solid (TDS, mg/L), and atmospheric pressure (atm, mmHg) were measured using a YSI Professional PlusMulti parameter. Geographical data (altitude [alt] and coordinates) were obtained by using a Garmin GPS 12 XL. An anemometer (Testo 410-2 model) was used to measure air moisture (MOI), wind speed, and air temperature. After the ecological variables were measured, the zooplankton samples were collected in 250-mL plastic jars and fixed with 70% alcohol. In the laboratory, samples were washed under water and filtered through 500-µm-sized sieves to separate Rotifera. Under stereomicroscope, both groups of cladoceran and copepod samples were separated into different vials and fixed with 70% ethanol. Borutskii (1964) , Dussart (1969) 4, 8, 9, 11, 12, 15, 20, 22, 24, 25, 26, 30, 34, 37, 38, 39, 41, 44, 46, 47, 49, 50, 55, 56, 57, 66, 67, 68, 73, 76, 79, 81, 83, 93, 96, 100, 101, 104, 105, 106, 108, 109, 110, 111, 112, 113, 121, 123, 124, 125, 127, 129, 130, 131, 133, 135, 137, 138, 139, 140, 141, 142 Paracyclops chiltoni (Thomson, 1882) 1, 19, 22, 25, 33, 43, 46, 48, 58, 59, 84, 89, 94, 106 Paracyclops fimbiratus (Fisher, 1853) 9, 15, 39, 53, 60, 66, 68, 83, 85, 87, 90, 98, 114, 133, 138, 140, 141, 142 Paracyclops imminutus (Kiefer, 1929) 114
Tropocyclops prasinus (Fisher, 1860) 8
Diacyclops bisetosus (Rehberg, 1880) 29 (1996) , Karaytuğ (1999), Dussart and Defaye (2001) , and Wells (2007) were used to identify copepods. The taxonomic key by Flösner (1972) was used for cladocerans. For statistical analysis, 12 species were used that occurred at least 3 times, along with the 10 most important environmental variables (depth, width, length, altitude, moisture, water temperature, electrical conductivity, pH, dissolved oxygen, and atmospheric pressure). To obtain the normal distribution of variables, the raw data were log (e) transformed whenever necessary.
Unweighted pair group method with arithmetic mean (UPGMA), applied by using MVSP version 3.1 (Kovach, 1998) , was used to show a possible clustering relationship among the 12 zooplankton species (Eucyclops serrulatus, Paracyclops chiltoni, P. fimbiratus, Acanthocyclops robustus,
A. vernalis, Canthocamptus staphylinus, Attheyella crassa, Macrothrix hirsuticornis, Chydorus sphaericus, Pleuroxus aduncus, Oxyurella tenuicaudis, Leydigia leydigi).
Nonparametric Spearman correlation analysis, evaluated with SPSS (version 11.01), was used to understand the relationships between 10 physiochemical environmental variables and 12 species. Species optimum estimates and tolerance ranges were calculated by using the C2 program (Juggins, 2003) . To investigate the correlation between altitude and species, a bar graph was drawn by dividing altitudes into 100-m intervals. The class interval was determined by selecting class width. Accordingly, class interval should be between 10 and 20 (the range should be at least 10 class intervals but not more than 20). There are 142 stations, and when divided by 10, the result is 14.2, which is suitable. The Poisson distribution model was used to determine the types of population dispersion.
Poisson probability can be calculated based on the formula below:
= where x is the number of occurrences of an event, µ is the mean number of successes that occur in a specified region, and e is the constant value, equal to 2.71828. Values of Poisson probability were tested with the chi-square test. Accordingly, distribution of species was determined based on the ratio between variance and mean (s 2 /µ). If the ratio (s 2 /µ = 1) is 1, distribution is random; (s 2 /µ > 1) indicates clumped distribution; (s 2 /µ < 1) indicates uniform distribution (Ludwig and Reynolds, 1988 31°00"E 3 2°00"E 33°00"E 34°00"E 30°00"E 39°00"N 
Results
In this study, 11 Copepoda species and 7 Cladocera, in total 18 species, were reported from 99 troughs at 142 stations (Table 1) (T. prasinus, D. bisetosus, P. imminutus, B. minutus, M. macrocopa, and M. branchiata) were the least-collected species with 1 occurrence each. Based on the UPGMA dendrogram, 12 zooplankton species were clustered into 4 main groups (Figure 2) . Results of Spearman correlation (Table 2 ) and UPGMA analyses were partially supportive of each other. According to tolerance optimum values applied on zooplanktons for the first time (Table 3) , ecological tolerance and optimum estimations for species were variable. Some species have a higher value for both tolerance and optimum estimates than the mean. Results of Poisson analysis (P = 0.05, N > 30) showed that species were almost randomly distributed among troughs (s 2 /µ = 1.04) (but see Discussion). The graph drawn according to the frequency distribution table (Figure 3 ) supports our results (see Ludwig and Reynolds, 1988, p. 20) . To investigate the correlation between altitude and species, a graph was drawn by dividing altitudes into 100-m intervals ( Figure 4) . As a result of this, altitude did not have a significant effect on species number.
Discussion
The most frequently occurring 3 species, Eucyclops serrulatus, Macrthrix hirsuticornis, and Chydorus sphaericus, were also the most abundant and dominant species. These species have a broad geographical distribution in natural systems and wide ecological tolerance to environmental variables (Miracle, 1982) . In the present study, we collected them from 63 (E. serrulatus), 29 (M. hirsuticornis), and 24 (C. sphaericus) different troughs. These 3 species were frequently found together in troughs. In contrast, in the UPGMA dendrogram, only E. serrulatus and M. hirsuticornis were clustered in a single group. The reason for this probably lies in the difference in the tolerances of the individual species to the various environmental variables. For almost all of the variables, these 3 species tend to have greater tolerance levels than the mean value (Table 3) . This probably gives an advantage to them in existing in a wide range of conditions. On the other hand, none of these species showed significant correlations to other variables (Table 2 ). This may suggest Table 2 . Spearman correlation shows the relationships among the environmental variables and species. n = 97; "(a)" marked where n = 93. "*" correlation is significant at the 0.05 level (2-tailed) and "**" correlation is significant at the 0.01 level (2-tailed that species with high tolerances to different environmental variables do not need to display a direct correlation to those variables due to cosmopolitan characteristics. Indeed, this view has already been supported by ostracods, but the results cannot be generalized for zooplanktons (Külköylüoğlu, pers. comm.) .
The maximum number of species in a trough was 6 when all of them were cosmopolitans. Similarly, Uçak (2012) reported a maximum of 5 ostracod species per trough when most of the species had cosmopolitan characteristics. These results may correspond with the idea that troughs, as artificial structures, can be dominated by cosmopolitans first in ecological succession. However, since most of the troughs are cleaned up from time to time, there is no further increase in the levels of such succession.
Troughs are very useful structures for villagers and animals in many ways ( Figure 5 ). They are frequently cleaned and filled by villagers. Drenner et al. (2009) reported that zooplankton species are recolonized after lentic systems are filled by rainfall. Similarly, some troughs are filled up by rainfall (but not all). After troughs are refilled, zooplankton species can reappear within a couple of days or weeks. This cleaning process may be one of the reasons that a low number of different species were found in some troughs, suggesting that there might be not enough time to recolonize. Among zooplanktons, rotifers and copepods are faster colonizers in the new water habitats than cladocerans (Badosa et al., 2010) . Frisch and Green (2007) also concluded that cyclopoid copepods, especially the Eucylops and Tropocyclops genera, were early colonizers with the capacity to colonize the water column after rehydration. In the present study, species numbers of copepods (mostly cyclopoid copepods) were higher than cladocerans, and so colonization rate might have a role in this. Additionally, we did not find any calanoid copepods. Not having enough time to colonize might be one possible explanation for the absence of calanoids. Another possible reason might be different habitat preferences of species. Calanoid copepods can be found in many kinds of water bodies: for example, from temporary ponds in Iceland (Scher et al., 2000) , in Antarctica (Pugh et al., 2002) , in cave waters (Brancelj, 2005; Brancelj and Dumont, 2007) , and lakes and rivers (Bozkurt, 2004; Yiğit, 2006; Atici et al., 2008) . However, calanoid copepods are planktonic organisms, while cyclopoid and harpacticoid copepods prefer substrates in littoral or benthic habitats (Galassi et al., 2009) . Another difference between cyclopoid copepods and calanoid copepods is that calanoid copepods are generally predominant in oligotrophic conditions, while cyclopoid copepods are suited and well adapted to eutrophic conditions (Gannon and Stremberger, 1978; Kaya and Altındağ, 2007; Aygen et al., 2009 ). Based on this information, troughs can be considered as eutrophic habitats when some indicator species (e.g., Chydorus sphaericus, Eucyclops serrulatus, and Acanthocyclops robustus) are found in them (Bekleyen and Taş, 2008; Özdemir Mis and Ustaoğlu, 2009) . Stoch (2007) reported that in high-altitude environments above 2700 m, copepod species richness is low, but higher species richness was common from 1100 and 2700 m. Figure 4 represents relationships between numbers of species and troughs at different altitudinal ranges. Thus, it seems that species number increased with altitude. At the same time, the numbers of troughs also increased; this might be a possible reason for finding high numbers of species at high altitudes.
After calculating the variance and mean values, we defined the ratio of s 2 /µ = 1.04 for the Poisson distribution. As we mentioned above, according to Ludwing and Reynolds (1988) , if this ratio equals 1, the distribution pattern is random; if it is smaller than 1, the distribution pattern is uniform; and if the ratio is greater than 1, the distribution pattern is clumped. After all, 1.04 is very close to 1. Therefore, we decided that the zooplankton distribution pattern among troughs is random, as a small difference (0.04) can be ignored.
Troughs are built by converting springs because the usage of them is very important and useful for villagers. Despite the original species composition of the spring habitat being affected by the springs' conversion into troughs, troughs may provide suitable conditions for some aquatic species, especially for cosmopolitan species. On the other hand, some rare species may have a chance to survive in troughs because troughs can provide possibilities. Nevertheless, to have a better understanding about the importance of troughs for biodiversity, further studies on different taxonomic groups are needed.
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